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1. SUMMARY

A. PROJECT OBJECTIVE

From January through December 2003, the Hawaiian Electric Company, Inc.
(HECO) collected data to determine individual rate schedule and total system load
patterns and characteristics. This 2003 class load study report presents the
findings.

The purpose of the study was to provide class load data and statistics for use in
load forecasting, integrated resource planning, cost-of-service studies, pricing and
designing demand-side management programs. The study provides detailed data
on how much and when HECO’s customers use electricity. This allows HECO to
better estimate Jevels of future loads, plan for and utilize existing capacity more
efficiently, determine strengths and weaknesses in certain marketing programs, and
design fair, reasonable and competitive rates that encourage customer load
management.

The study metered and collected 15-minute kW data from 528 selected sample
customers covering each rate class, with the exception of Schedule F (public
streetlighting). Schedule F loads were manually constructed, since all street hghts
are on either photoelectric or timer controls.

The successful implementation and completion of the study was made possible by
the combined efforts of several groups within Hawaiian Electric Company. The
Research & Evaluation Division of the Energy Services Department was initially
responsible for the overall coordination of the study, study design, validation of the
data and generation of the report. The Meter Engineering & Services Division of
the Customer Installations Department installed and maintained the meters, and
collected the data.

B. OVERVIEW OF THE REPORT

This report presents a comprehensive account of the methodology and resuits of

the project. Section 2 describes the sample design. Section 3.describes the data







6. The load factor measures how efficiently the system’s generating capacity is
being used. It is the ratio of the total energy consumed during a given period to
the energy which could have been consumed had the peak demand been
sustained for the entire duration of the period. The higher the load factor, the
flatter the load profile of the class or system being studied. Table 1.5 shows
that in 2003 Schedule PT had the highest load factor, 79%, followed by
Schedule PP at 74% and Schedule PS at 69%. Schedule U had the lowest load
factor, 21%, followed by Schedule F at 34%. Based on the recorded kWh and
system peak, the annual load factor for the total system was 73%.

7. The average system load on weekdays was higher than the average load on
weekends for all months of 2003.

8. Schedule F - This rate applies only to public street lighting customers, of which
there were 392 in 2003, using an average of 8,353 kWh per month. Schedule F
had the second-smallest share of total system sales and system peak, accounting
for just 0.3% of the recorded total system sales during the study period, and
0.8% of the annual system peak. Street lighting does not contribute to any day
peak, and it did not contribute to the instantaneous system peaks in May
through August, because they occurred early in the afternoon, before the
streetlights came on. Only 18% of the class’ total consumption was during the
on-peak period. The annual load factor for Schedule F was 34%.

9. Schedule G - During 2003 this rate schedule served 24,952 small commercial
customers with demands less than 25 kW and monthly consumption under
5,000 kWh. Their average monthly consumption per customer was 1,207 kWh:;
the average sample-estimated maximum non-coincident demand per customer
was 5.6 kW. In 2003 Schedule G contained 9% of customers, but it accounted
for only 5% of the total kWh sold. Schedule G’s annual load factor was 50%:
74% of its usage was on-peak. The average class contribution to the day peak
was 7%, which was 2% higher than its average contribution to the system peak.
The weekday load profiles for Schedule G begin increasing at about 4 AM,
reach a plateau at noon, peak between 2PM and 3 PM, and decrease slowly for
the rest of the day and evening. The weekend load profiles, however, peak at
11 AM or noon, decline immediately until late afternoon, then rise to a second,
lower peak between 6 PM and 8 PM. From 9 AM through 5 PM the average
weekday load was about 35% higher than the average weekend load.

10. Schedule H - During 2003, this rate served 1,194 customers with commercial
cooking and heating loads. Accounting for less than 1% of the total sales,
Schedule H had an average monthly use of 4,323 kWh per customer. The
average maximum non-coincident demand per customer for the study period
was 14 kW. On-peak usage was 74% of total consumption. The annual load
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11.

factor was 56%. Schedule H contributed only 1% to both day peaks and system
peaks. From 4 AM through 11 PM the average weekday load was about 20%
higher than the average weekend load. The weekday and weekend profiles

vary from month to month, but generally show a fast rise from 6 AM to a peak
at noon and a smooth decline from 4 PM to midnight.

Schedule J - This rate applies to commercial customers whose use is above the
Schedule G limits of 25 kW and 5,000 kWh per month. During 2003, 6,389
customers averaged 25,273 kWh per month. The average sample-estimated
maximum non-coincident demand per customer was 77 kW. Schedule J’s
annual load factor was 60%; 68% of its usage was on-peak. From 9 AM
through 5 PM the average weekday load was about 35% higher than the
average weekend load. Both weekday and weekend profiles rise to a plateau
by 10 AM. The weekday plateau lasts until 3 PM, but the weekend plateau
lasts until 7 PM or 8 PM. Schedule J’s contribution to the day peak, 30%,
exceeded its contribution to the system peak, 25%.

12. Schedules PP. PS and PT - The largest commercial customers are served under

Schedule P. Schedule P consists of three tariffs, based on the voltage at which
they are served: Schedule PP takes service at the primary voltage; Schedule PS
takes service at the secondary voltage; Schedule PT takes service at the
transmission voltage.

The 162 customers on Schedule PP accounted for 27% of the total system
energy consumption during 2003. The average recorded monthly consumption
per customer was 1,057,590 kWh. The average maximum non-coincident
demand per customer was 1,929 kW. Schedule PP had an annual load factor of
74%; 64% of its consumption occurred on peak. Schedule PP’s average
contribution to the day peak, 27%, barely exceeded its average contribution to
the system peak, 25%. Weekday and weekend use ran parallel, with weekday
use about 12% higher from 7 AM to 6 PM. The Schedule PP load profiles rise
smoothly from 5 AM to early afternoon, and decline fairly rapidly from 8 PM

to midnight.

The 188 customers on Schedule PS accounted for 11% of the total system
energy consumption during 2003. The average recorded monthly consumption
per customer was 366,984 kWh. The average maximum non-coincident
demand per customer was 773 kW. Schedule PS had an annual load factor of
69%; 66% of its consumption occurred on peak. Schedule PS’s average
contribution to the day peak, 12%, also barely exceeded its average
contribution to the system peak, 10%. Weekday and weekend use ran parallel,
with weekday use about 19% higher from 5 AM to 9 PM. The Schedule PS
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load profiles rise smoothly from 4AM to 10AM or 11AM, and decline fairly
rapidly from 3PM on weekdays, but not until 7PM on weekends.

In 2003 only four customers were on Schedule PT; they accounted for just 2%
of the total system energy consumption during the year. The average recorded
monthly consumption per customer was 3,468,763 kWh. The average
maximum non-coincident demand per customer was 6,004 kW. Schedule PT
had an annual load factor of 79%, the highest of all the rate classes; 58% of its
consumption occurred on peak. Schedule PT’s average contribution to the day
peaks and to the system peaks was 2%. Weekday and weekend use ran
parallel, with weekday use only 3% higher throughout the entire day and night.
The Schedule PT load profiles are nearly flat all 24 hours, with a slight peak at
7AM and a subsequent decline.

13.Schedule R - During the study period, Schedule R’s 251,248 accounts
constituted 88% of HECO’s customers. The average residential customer used
685 kWh per month, and the average sample-estimated maximum non-
coincident demand per customer was 4.9 kW. Schedule R’s class peak demand
and non-coincident demand varied little from month to month. Its average
contribution to the monthly system peak was 31%; its average contribution to
the day peak was 21%. Residential customers had an annual load factor of
48%; 65% of the total class consumption occurred during the on-peak period (7
AM - 9 PM). Schedule R’s load profiles show a moming peak at 7 or 8 AM on
weekdays and from 11AM to 4 PM on weekends, depending on the season.

The evening peaks were at 8 PM, except from September through December,
' 5 $2- . S, b 1 i I dym—

averaged 26% higher than its weekday loads, but the weekend evening peaks
were only 5% lower then the weekday peaks.

14.Schedule U — In 2003 only one customer was on Schedule U, Time-of-Use

(9PM to 7TAM). Because individual customers’ records are confidential, a
minimal amannt af thic enetamar’c data 1¢ inrlhded 10 thic rennrt
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Exhibit 2.1
Load Research Study Lifecycle

Need for
Information 4

Population

The next step is to select the sample and backups, install interval meters and start
collecting the sample data. Our analysis task is to expand the sample data to the
population of interest and to assess the statistical precision. In typical studies, the
8760-hour class expansions and the resulting statistical precision are the key
analysis results. Following the class expansions, we complete the cycle by
modeling the relationship between our dependent variables of interest and our
independent variable. These models are used to inform the planning process when
future sample designs are required.

MBSS Design and Analysis

MBSS uses a statistical model to guide the planning and the sample design. The
parameters of the model, especially the error ratio, are used to represent prior
information about the population to be sampled. The model describes the nature
of the variation in the relationship between any target y-variable of the study and
one or more x-variables that can be developed from known billing data and other
supporting information. The y-variable can be any of the 8,760 hourly demands of
each customer or any function thereof. The x-variables is usually the customer’s
monthly or annual use or billed noncoincient demand. The model is used to help
choose the sample size # and to help formulate a sample design with efficient
stratification for stratified ratio estimation.

Hawaiian Electric Company, Inc, R 2003 Class Load Study



The model is used as a guide to the sample design, but the results of the study
itself are not strongly dependent on the accuracy of the model.> Once the sample
design is selected, the subsequent analysis of the data is usually based only on the
sample design and not on the model used to develop the sample design. In
particular, conventional stratified-sampling techniques can be used to analyze the
sample data collected from an MBSS sample design. The resulting estimates will
be essentially unbiased in repeated sampling and the confidence intervals will also
be valid, provided that the sample design has been followed to select the sample
customers. The results will be consistent with traditional sampling theory as found
in texts such as Cochran’s Sampling Techniques and consistent with standard load
and market research practice.

Stratified Ratio Estimation

We assume that a load research study is to be conducted of a given population of
N accounts in a given rate class or market segment. In the study, a load research
interval recorder will be used to measure the use of electricity of each sample
customer on an hourly basis.* We let y denote any customer characteristic to be
determined from the customer’s interval load data, and we let x denote any
suitable characteristic of the customer’s usage that is known from billing data such
as annual use.’

We define the population ratio B by the equation

N

ZJ’ i

B=t—.

2%

i=l
Here the summations are over the entire N units (e.g., accounts, customers or
premises) in the target population. We note that the population mean or total of y
is equal to B times the population mean or total of x. The later is assumed to be
known from the billing data.

We assume that a sample of » customers is selected following a stratified sample
design. For each sample customer we define the case weight w to be equal to the
number of customers in the target population within the stratum containing the
given customer divided by the number of customers in the sample within the given

* Other methods, called model-dependent sampling, are much more dependent on the accuracy of the
model. Such methods are not recommended in load research applications since they would be more
difficuit to defend than MBSS and conventional methods.

* Although we will speak of hourly usage, it is common to record usage on a 30-minute or 15-minute basis,
* Instead of annual use, x may denote use in a given month or season, or noncoincident demand if the
customer is demand metered.
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stratum. The case weight is used to avoid any bias that might otherwise arise from
the different sampling fractions used from one stratum to another.

Using the case weight, we define the combined ratio estimator of B by the
equation:®
2,
b o =t
Z W, X,
i=]

Then, if desired, the population mean or total of y can be estimated as b times the
population mean or total of x, known from the billing data.

Using the case weights, we calculate the relative precision at the 90% level of confidence
as follows:

1. Calculate the sample residual y, —bx, for each unit in the sample.

>, (v, 1)}

2. Calculate se(b)= 1"

n
S
i=i

_1.645 se(b)
—

3. Calculate rp

A 90% confidence interval for B is calculated using the equation b + rp b. A confidence
interval for the mean or total can be calculated in a similar way.

We can also use the sample data to estimate a measure of population variability called the
error ratio, denoted er. The error ratio, defined in the next section, is the key determinant
of the expected relative precision, along with the sample size n. We estimate the error
ratio from the sample using the following equation:

R R )

er =
H
W,

1]

§ This equation gives the same result as the more familiar stratum-weighted equation: b =

Hawaiian Electric Company, Inc. 10 2003 Class Load Study



The parameter y is defined in the next section. In load research applications it is usually

taken to be 0.8. We will not attempt to interpret the preceding equation here, but we will
give meaning to the error ratio itself in the following section.

Sample Design

The ratio model is the key to choosing the appropriate sample size » and
developing an efficiently stratified sample design. The ratio model describes the
relationship between y and x for the set of all units in the population. The model
consists of two equations called the primary and secondary equations respectively:

Yi =ﬁxs + &
o, =Sd(€f)=0'o x]

Here i denotes any customer, account or premise in the target population. x, >0 is

usually known throughout the population. The primary equation describes the
relationship between the y-variable of interest and the x-variable used in the ratio
estimate, i.e., annual use. Since we assume that Ee,)=0, the primary equation

can also be written as x4, = E(y,)= B x,. Here u, denotes the expected value of ¥

for unit i. The primary equation says that under the model, the expected value of
¥; is equal to a fixed constant # times the x..

The quantity, ¢, = y, -y, , is called the residual. The N residuals are considered to

be N independent random variables. The standard deviation of . _isdenoted as

o;. Wereter to o, as the residual standard deviation of each customer . The

secondary equation is used to estimate the residual standard deviation, and to
guide the development of an efficient sample design.

To summarize, under the ratio model, the target variable ¥, 18 a random variable
with expected value 4, and standard deviation o,. The expected value u, is
determined by the primary equation of the model. The standard deviation o, is

determined by the secondary equation of the model. There are three parameters in
the model: g (beta), o, (sigma-naught), and ¥ (gamma).
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Now we are finally positioned to define the error ratio. The error ratio is defined
by the equation:

N
[

M=
S

H,

M-

1t

1

As we will see in the next section, the error ratio is the key measure of variability
when stratified ratio estimation is to be used to analyze the data.

Choosing the Sample Size

We assume that stratified ratio estimation is planned and that an efficiently
stratified sample design will be used. We also assume that the ratio model
provides a reasonably accurate description of the relationship between y and x in
the target population.

If the population size VN is large, then the expected relative precision is given by

the equation: rp =1.645 —\/e—f- . If the population is smaller, the finite population
n

cotrection factor can be added, giving rp =1.645 /1~ 2 %L If the desired

Nin’
relative precision is specified, then the preceding equations can be solved to
determine the required ». If the population size N is large, we have

(1.6455’1'
n=f ——m7m

2
) . If the population is smaller, the sample size can be calculated in
rp

P4

_1;6_423{} . Then calculate 7= —22 —

rp 1+n,/N
The preceding equations are generally sufficient to develop a preliminary plan.
Added issues must usually be resolved to develop a detailed sample design. First,
there are usually many y-variables of interest: all 8,760 hours as well as the
relevant cost allocators such as the total demand during the 12-monthly system
peak hours. Second, it is often necessary to consider the expected statistical
precision in various segments of the target populations. Third, there are usually
limits on the sample size or other resource constraints. Added methodology is
available to address issues such as these.

two steps. First, calculate », m(
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Efficient Stratification

The preceding results assume that the sample is efficiently stratified. Under the
ratio model, an efficiently stratified sample design can be developed in the
following steps:

1. Use the sampling frame and the assumed model to calculate &, for each
customer in the population.

2. Choose the desired number of strata,’

Sort the sampling frame by increasing o, .

4. Choose stratum cut points to divide the sum of the o, approximately equally
between the strata.

5. Allocate an equal number of sample customers to each stratum.

6. Make added adjustments if the sample size exceeds the population size in
any stratum.

e

Under the ratio model, o, is determined by the x-variable together with the value
of y. Methods are available for estimating » from a sample. Indeed, we have
estimated y in numerous load research studies. We have found that the estimated
values are clustered around 0.8. We have also found that the key results are not
very sensitive toy. Therefore, in load research applications, we generally
recommend the use of y = 0.8 both in constructing strata as discussed in this

section and in estimating the value of the error ratio from a given sample as
discussed in the prior section.

Summary

Extensive experience indicates that stratified ratio estimation is very effective in
almost all load research applications. MBSS methods are generally grounded on
the same principles as conventional sampling methods such as Dalenius Hodges
stratification and Neyman allocation, but MBSS methods are specifically tailored
to ratio estimation. Some methods for calculating sample sizes that load
researchers have commonly used in the past can provide badly misleading results
for ratio estimation. The MBSS approach addresses these problems and provides
a coherent, consistent approach to both sample design and analysis. The MBSS
methodology follows the life cycle of load research studies very nicely.

A bonus of the MBSS methodology is its strength for multiple y-variables and
domains estimation. At the sample design stage, MBSS provides straightforward

7 With MBSS methodology we can systematically assess the gain from increased stratification. These
studies indicate that five annual-use strata are usually sufficient in most load research applications. Some
applications may call for added stratification by seasonal use, customer load factor, etc.
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Table 2.1
HECO 2003 Class Load Study Sample Sizes

Rate | MWh/Mo er | Population| mv90 |Random| Total

E 1,629 0.30 2,007 0 25 25
G 29,031 0.60 26,623 0 95 95
H 8,823 0.44 2,404 0 50 50
JS 132,274 0.47 5,906 90 50 140
JP 17,194 0.27 151 21 10 31
JT 347 na 2 0 2 2
PS 67,630 0.14 183 84 5 89
PP 171,044 0.14 172 84 5 89
PT 14,097 na 4 0 4 4
RE 160,046 0.32 150,783 0 30 30
RN 20,498 0.25 47,021 0 15 15
RS 35,606 0.29 42,857 0 25 25

Total | 598,219 278,113 279 316 595

In the column headed “Rate” class E refers to Electric Service for Employees. In
the analysis of the results, these customers are included with all residential
customers. JP, JS and JT refer to General Service Demand customers (Rate J)
who received service at the Primary (JP), Secondary (JS) or Transmission (JT)
voltage. In the analysis these customers are combined into one Rate J.

Similarly, PP, PS and PT refer to Large Power Service customers (Rate P) who
received service at the Primary (PP), Secondary (PS) or Transmission (PT)
voltage, but the analysis considers these rates individually.

To support long-range forecasting and renewable portfolio standards, the
residential samnle was stratified by the fuel used for water heating. The sample

was obtained from 2,103 respondents to the 2000 Residential Appliance Saturation
Survey. Under the heading “Rate” RE indicates residential customers with electric
resistance water heat, RS indicates solar water heat, and RN indicates neither
electric nor solar water heat (i.e., gas from a utility, propane or no hot water). In
the analysis, however, RE, RN, RS and E customers are combined under Rate R.

Finally, in April 2003 one customer began receiving service under Rate U, Time-

of-Use. That load data is included in the overall analysis, but a section on Rate U
is not included in the report, for customer confidentiality.
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In the JT and PT rates all of the accounts in the population were in the sample. In
the remaining rate categories, RLW Analytics calculated the sample size that is
require to estimate the 12-month contribution of the class to the system peak with
+10% relative precision at the 90% level of confidence. These calculations used
the error ratio and the number of accounts in the population. The design is based
on stratified ratio estimation with five model-based strata for each class. In the JS,
JP, PS and PP rates, the MV90 accounts were assigned to stratum 6, indicating a
certainty stratum.

RLW Analytics recommended 25 meters for the E category. They divided the R
rate into RE (Residential electric WH), RS (Residential solar WH), and RN
(Residential, other) based on responses to HECO’s 2000 Residential Appliance
Saturation Survey. The water heat fuel was not known for the Rate R accounts in
the 1997-98 load data sample, so separate error ratios were not available for RE,
RN or RS. However, the error ratio for Rate R to be .31 was very similar to
results obtained by RLW Analytics for a sample design for Maui Electric
Company, Ltd. Therefore they used the error ratios from the MECO sample
design for RE, RS and RN to arrive at 30 meters in RE, 25 meters in RS, and 15
meters in RN. The sample sizes in these three categories were calculated to
provide +10% relative precision at the 90% level of confidence for the 12-month
contribution of the class to the system peak based on the assumed error ratios.

In the G category, 95 meters were required to provide +10% relative precision at
the 90% level of confidence. This is because of the relatively high variability in
this class, as measured by the error ratio of 0.60.

In the J and P categories, the existing MV90 meters are regarded as a certainty
sample, that is, self-representing. For example, in the JS rate, after taking account
of the 90 MV90 meters, an additional 50 meters were needed to achieve £10%
precision at 90% confidence, for a total of 140 interval meters.

Stratification

In each rate, the five strata were based on monthly kWh for rates E through JS.
Rates JP, PS and PP were stratified based on maximum demand. In the case of JS
stratifying by maximum demand produced an error ratio of 0.72 so the sample
would have been considerably larger. In each case the strata were constructed
using model-based methods with a gamma of 0.8.

Table 2.2 illustrates one of the sample designs. For example, stratum 1 consisted
of all G accounts with kWh less than or equal to 8§18 kWh per month. Stratum 1
was estimated to have 15,386 accounts with a total energy use of over 4,300 MWh
per month. Nineteen accounts were randomly selected from stratum 1.
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In general, there were an equal number of sample accounts in each stratum. In the
case of the J and P rates, however, stratum six is comprised of all of the accounts
with existing MV90 metering.

Table 2.2
Sample Design for Rate G

Stratum |Cut Point| Total kWh |Accounts Sample
1 8181 4,303,123 15,386 19

2 1,564 ] 5,316,071 4,637 19

3 2,525 5,933,349 2,976 19

4 3,764 | 6,464,993 2,100 19

5 22,281 7,013,570 1,524 19

In each stratum, a random number was used to assign a priority to each account in
the sampling frame. Then we included the accounts into the sample according to
the assigned priority. For example, in the case of stratum 1 of the Rate G design
shown in Table 2.2, we chose the first 19 accounts to be in the primary sample,
As long as accounts were available, we chose an equal number of accounts to be
backups. Any remaining accounts were designated as not used, but available, in
the unlikely case of all backups being used.
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3. DATA COLLECTION, ANALYSIS AND EXPANSION

A. DATA COLLECTION

Installation of meters and recorders in the field began in 2001 and ended in
February 2002. The type of meter used at a location was determined by the
customer’s size and type of service. Data collection began April 1, 2002 and
ended December 31, 2003.

Most of the collection of 15-minute interval pulse data was done using ITRON
handheld devices, but meters at most of the large accounts were interrogated
directly over telephone lines. The data was downloaded to a PC and translated
using MV-90 software. It was then edited, validated and analyzed. The analysis
period of January 2003 to December 2003 was chosen to correspond with a test-
year calendar and to capture the several all-time peaks which occurred in the
second half of 2003. Exhibit 3.1 depicts the load research procedure.

B. DATA VALIDATION

Two checks were performed to ensure that the data collected appeared reasonable.
The first was a comparison of the summation of translated kilowatt-hours and
elapsed time derived from the meter pulses to that in the meter registers. The
second compared the derived kWh/day with that shown in HECO’s customer
billing system, which was collected independently over approximately the same
time frame. ‘

C. DATA EDITING

Eight Schedule J and twenty-one Schedule P sample accounts had gaps of more
than a few intervals’ duration in 2003; most were due to MV9Q communication
problems with some large customers in September and October.

Data editing was entrusted to RLW Analytics because of their experience in filling
gaps in load data. Using their proprietary software, Visualize-IT, RLW Analytics
fit the missing kWh under typical load shapes obtained from corresponding dates
either in the same month in 2003, or in many instances, frorn the same month in
2002, while matching the recoded monthly maximum demand, if available from
the billing system.
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The gaps did not impact the integrity of the study. None of the eight Schedule J
sample accounts were missing data on the dates of monthly system or day peaks.
One PS account was missing data for the system peaks in January and February
and the day peak in January.

D. DATA ANALYSIS AND EXTRAPOLATION

Visualize-IT software, developed by RLW Analytics, Inc., and SAS programs
written by RLW Analytics, Inc. were used to analyze the data. After validation

and filling gaps, the 15-minute kW data for each sample account were aggregated
into 60-minute integrated demand for each hour of the year and assi gned a case
weight, based on the ratio of the average number of customers in the population
who fell within each stratum to the number in the sample within each stratum. The
aggregated individual load data was then averaged by hour by month by day type
to give a mean-per-unit value for each hour’s kW in a rate class.

The total class load estimates were obtained by multiplying the case-weighted
sample mean estimates by the recorded class total population for the data period.

For each month, each class’ data was normalized to the recorded total sales for that
class. The total system load profile was obtained by adding the class load profiles
at the sales level and multiplying it by the amount necessary to match the total
system gross generation for the month. Where hourly estimates were needed, the
multiplier was adjusted to the actual recorded generation for each hour of the year.
Exhibit 3.2 depicts the process of totalization, and shows the number of accounts

in each stratum from which data was collected.

Severgl samnle accountsl ispepchangedbatieendN0]_ybich wap thaghasa vuscs, .
.

for stratification and selection, and 2003. Accordingly, the final stratum counts
differ from the original sampling plan.

Also, the total number of accounts in Exhibit 3.2 is 752, not 715, because 37
accounts changed schedules during the period of data collection and contributed to
the databases for two rate classes.



Exhibit 3.1
THE LOAD RESEARCH PROCEDURE
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Exhibit 3.2
THE RESIDENTIAL TOTALIZATION SCHEME

SUMMARIZATION LEVEL 1 z 3
NUMBER OF ACCOUNTS STRATLIM RATE CLASS RESIDENTIAL SERVICE
Avg kWhnimo
5 0593
5 594-795 Electric Service
5 796-994 for Employees
g 395-1.277 {
5 1,878 <
Avg KWhimo
6 0-463 Aesidentiat
6 484.644 Service
) 545846 Fiectric
B B47-1,162 Water Heat
[ 1,163 « {RE)
Avg KWh/mo Residential Sarvice
3 0-250 Residential {R)
3 291418 Service - /
3 418-622 Neither Electric nor
3 £22-833 Solar Water Heat
3 834 < {HN)
Avg KWh/mo
5 0-584 Residential
5 5957584 Service -
5 751011 Solar
5 1,012-1,376 Water Heat
5 1,377 < (RS)

Note: To support more detailed analyses, Rate E was sampled separately and Rate R was
stratified by type of water heat; but for comparison with previous class load studies, all sampled
accounts were appropriately weighted and combined in one Rate R.
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Exhibit 3.3
THE COMMERCIAL TOTALIZATION SCHEME

SUMMARIZATION LEVEL 1 2 3
NUMEBER OF ACCOUNTS STRATUM RATE CLASS COMMERCHAL, SERVICE
Avg KWhimo
19— 817
19— B18-1563 General Service
1Y — 1.564-2 524 Mon-Demand
L 25253 763 @)
19— 5,768 <
Avg kWhirmo
10— 02,524 Commertial
10 mee————— 2,525-4 443 Cooking, Heating,
10— 4.444.5.6857 A/C & Refrigaration
10— 6.658-11.134 Service
10 . _ 140" ——————

= p— =
Avg Matared Damand (kW)
2 0-226 Geoneral Service
2 227-375 Demand
2 376-629 Primary Voltage
2 £30-2.039 Sarvice
2 2,040 < Py
21 MVSD accounts
Avg kWhimo
10— 0-10,462 General Service
W ——— 10,462-20. 865 Demand General Service
10 ———————— 20,869-37,848 Sacondary Voltage Demand
10 e 37 BAB-74,338 Servive 1)
0 ———— 74,335 < {JS})
L MVS0 actounts
Generai Sesrvice
Demand
2 Transmission Voltage
(4 accounta in the population) Sorvice
1)
Avg Meterar Damand (kW)
1 0-649 {arge
1 £50-1,133 Powar
1 1,334.2,392 Primary Voltage
1 2,393-4.888 Service
1 4,889 < {PP)
84 MVED actounts
Avg Metered Demand (k)
1 0418 Large
1 419-544 Power
1 545-598 Secondary Voltage
1 899-1,011 Sewvice
1 1013« {P3)
84 [INER]
Large
Power
4 Transmission Voitage
{AR accounts in the poputation Service
(FTy
Schedule F Not sampled:  Load data was manually constructed,

Schedule U Not sampied: All accounts (n=7) were included in the study.



4. TOTAL SYSTEM LOAD

This chapter analyzes the entire system load. Load data was collected every 15
minutes at the customers’ meters, validated against billing data, edited as
necessary, summed by hour, extrapolated on a mean-per-unit basis to the total
class, and normalized to the official monthly sales.

The system load at the sales level was derived by summing over all rate classes the
data normalized to sales. Statistics at the gross generation level were calculated by
adjusting the sales-normalized data for line and transformer losses. This was done
by normalizing it to the recorded system load profile provided by the System
Operation Department.

Finally, the classes’ contributions to system day and peaks, the hourly load on the
system day and peak days, and the average weekday and weekend profiles were
normalized to the recorded system generation.

Here are the system load characteristics:

1. During 2003 the Hawaiian Electric Company, Inc. served an average of
284,530 customers; total sales were 7,522 GWh. Schedule R accounted for
88% of the total customer count, and for 27% of the sales. Schedules PP, PS
and PT together made up only 0.1% of the customer count, but contributed the
largest amount of sales, 41%. Table 4.1 summarizes the number of customers,
sales, and contributions to the twelve-month system peak and day peak by rate.
The class contributions to the system and day peaks are also shown in Exhibits
4.1 and 4.2, respectively.

2. The annual system peak occurred on Monday, October 27, 2003 at 6:42 PM.
Schedule R contributed the most to the system peak (38%), followed by
Schedule J (24%) and Schedule PP (23%). Table 4.2 and Exhibit 4.3 show the
contribution of each rate schedule to the system peak for each month. The
hourly load at the time of the system peak is normalized to the instantaneous
peak demand.

3. The annual day peak occurred on Saturday, July 25, 2003, at 2:06 PM. (A day
peak is the highest demand before 4 PM.) Schedule J contributed the most to
the day peak (29%), followed by Schedule PP (27%) and Schedule R (22%).
Schedule F, Public Streetlighting Service, does not contribute to day peaks,

since the lights are on either photoelectric sensors or timers. Table 4 3.and




4. Table 4.4 displays the recorded system peak demands. The system peaks
occurred during the early afternoon in May, June, July and August. The
difference between the two peaks was largest in February (69 MW).

5. Table 4.5 and Exhibit 4.5 provide monthly reports of the sample-estimated
hourly load by rate schedule on the days of the recorded system peaks. The
hourly load is normalized to the actual 60-minute integrated peak demand.
Table 4.6 displays the percent contribution of each rate schedule to the hourly
peaks.

6. The estimated total system load is compared to the actual generated load for the
days of the monthly system peaks in Table 4.7. The sample-based estimates for
the system peaks are fairly accurate. The average absolute error of the
estimated total kWh on the system peak days is 0.6%. At the hours of the
twelve instantaneous system peaks, the average absolute error of the estimated
kW is 3.6%. At the hour of the highest system peak (10/27/03 @ 18:42),
however, the estimated kW is 9.7% higher than the actual generated load; this
is the largest error. Exhibit 4.6 displays the sample estimated 60-minute
inteerated demand agaipst the recorded svstem Joad. hows each rate

recorded sales, not to the actual system loads.

7. Table 4.8 and Exhibit 4.7 provide monthly reports of the sample-estimated
hourly load by rate schedule on the days of the recorded day peaks. The hourly
load is normalized to the actual #0-minute inteerated neaks. Table 4.9 disnlavs



10. Tables 4.12 and 4.13 report hourly load data for the average weekday and
weekend at the gross generation level for the total system. The load is
normalized to the actual system loads. As shown in Exhibit 4.9, the monthly
weekend and weekday load profiles follow the same pattern, with the weekday
load noticeably higher than the weekend load between 6 AM and 8§ PM.

11.The load factor measures how efficiently the system’s generating capacity is
being used. It is the ratio of the total energy actually consumed during a given
period to the energy which could have been consumed had the peak demand
been sustained for the entire duration of the period. The higher the load factor,
the flatter the load profile of the class or system. Table 4.14 shows that among
the rate classes, Schedule PT had the highest load factor, 79%, followed by
Schedule PP, at 74%. The annual load factor based on the recorded total kxWh
and instantaneous system peak kW was 73%.

12.Table 4.1 showed that Schedule R had the highest consumption of the total
system, but just § MW more than Schedule PP, followed by Schedules I, PS, G,
PT, H, F and U. Table 4.15 shows that Schedule R accounted for the largest
proportion (34%) of energy use during the priority-peak hours. Schedules J
and PP each accounted for 27%, and Schedule R accounted for 25% of the
energy use during the peak hours. And Schedules PP and R accounted for 29%
and 28%, respectively, of energy use off-peak. Table 4.16 shows that, across all
rate schedules, 14% of consumption occurred during the priority peak hours,
52% occurred during the on-peak hours and 34% occurred during the off-peak
hours.

Time-of-Use Period Definitions:
Priority Peak: 5PM-9PM  Monday through Friday

On-peak: 7AM-5PM  Monday through Friday
7AM-9PM  Saturday and Sunday
Off-peak: 9PM-7AM  Daily
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5. SCHEDULE R: RESIDENTIAL SERVICE

The residential class is the largest in the system. During 2003 it contained an
average of 251,248 customers, or 88% of all customers. Schedule R accounted for
27% of total sales during the study period, with an average consumption of
172,210 MWh per month, or 685 kWh per customer.

The residential load data revealed these patterns and characteristics:

1. During 2003 Schedule R’s average monthly consumption ranged from a low of
592 kWh in February to a high of 744 kWh in August. The weighted average
monthly consumption for the 90 customers in the sample was 685 kWh, which
was the average for the population.

2. Table 5.1 summarizes the monthly residential load statistics per customer
normalized to the sales level. Table 5.1 also shows the non-coincident and
coincident demands of the residential sample.

The non-coincident demand is a customer’s highest demand during a calendar
month. The class non-coincident demand is the total non-coincident demand of
all the customers in the class.

The coincident demand of a customer is the demand which a customer puts on
the system at a specified time, either the system peak, day peak or class peak.
The class coincident demand is the total demand of all customers in the class at
the specified time.

The diversity factor represents the extent to which the peak demand of each
individual customer in the class occurs simultaneously. It is the ratio of the
maximum non-coincident demand per customer to the coincident demand per
customer at the class peak, expressed as a percent.

The residential sample’s average diversity factor was 273%. The average non-
coincident demand per customer of 4.9 kW; the average coincident demand per
customer at the class peak was 1.8 kW. The maximum coincident demand was
highest in November; the maximum non-coincident demand was also highest in
November. Both were fairly constant throughout the year.

3. The sample’s monthly load factor ranged from 48% to 55% during 2003, with
an average monthly load factor of 52%.

4. Schedule R’s monthly peaks occurred between 6 PM and 10 PM, except in
November, when it occurred between 5 PM and 6 PM. The residential hourly
loads on the day of the class peak in each month are reported in Tables 5.2
(total class) and 5.3 (average per customer).
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5. Table 5.4 summarizes the class contribution to the system and day peaks
normalized to the gross generation. To extrapolate the demand from the sales
level to the gross generation, the sample-based estimates for each class of sales
at the peak hour were added, and the sum was normalized to the actual system
or day peak for each month.

Schedule R’s contribution to the monthly system peaks, 32%, was higher than
its contribution to the day peak, 21%.

Its contribution to the monthly system peaks ranged in amount from 243 MW
in May to 493 MW in October and in percentage from 21% in May and June to
40% in April.

The contribution to the day peak ranged in amount from 211 MW in November
to 278 MW in August and in percentage from 18% in October and November
to 23% in January.

6. As shown in Table 5.5, 65% of the total residential kWh consumption occurred
during the system on-peak period (7 AM to 9 PM daily), with 17% occurring
during the system priority peak period (5 PM to 9 PM, Monday through
Friday).

7. Hourly load data at the system gross and the sales levels for the average
weekday and weekend of each month are presented in Tables 5.6 through 5.9.
The gross weekend and weekday loads are graphed in Exhibits 5.1a through
5.11. Schedule R’s load profiles show a morning peak at 7 or 8 AM on
weekdays and from 11AM to 4 PM on weekends, depending on the season.
The evening peaks were at 8 PM, except from September through December,
when they were at 7 PM. From 8 AM until 7 PM Schedule R’s weekend loads
averaged 26% higher than its weekday loads, but the weekend evening peaks
were only 5% lower then the weekday peaks.
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6. SCHEDULE G: GENERAL SERVICE NON-DEMAND

The General Service Non-demand class consists of small commercial customers
who have demands less than 25 kW and monthly consumption under 5,000 kWh.
The second-largest class in the system, during 2003 it contained an average of

24 952 customers, or 9% of all customers. But Schedule G accounted for just 5%
of total sales, with an average consumption of 30,115 MWh per month, or 1,207
kWh per customer.

The Schedule G load data revealed these patterns and characteristics:

1. During 2003 Schedule G’s average monthly consumption ranged from a low of
1,062 kWh in February to a high of 1,309 kWh in August. The weighted
average monthly consumption for the customers in the sample was 1,206 kWh,
which is 0.1% lower than the average for the population (cf. Table 1.8).

2. Table 6.1 summarizes the monthly Schedule G load statistics per customer
normalized to the sales level. Table 6.1 also shows the non-coincident and
coincident demands of the General Service Non-demand sample.

The non-coincident demand is a customer’s highest demand during a calendar
month. The class non-coincident demand is the total non-coincident demand of
all the customers in the class.

The coincident demand of a customer is the demand which a customer puts on
the system at a specified time, either the system peak, day peak or class peak.
The class coincident demand is the total demand of all customers in the class at
the specified time.

The diversity factor represents the extent to which the peak demand of each
individual customer in the class occurs simultaneously. It is the ratio of the
maximum non-coincident demand per customer to the coincident demand per
customer at the class peak, expressed as a percent.

The Schedule G sample’s average diversity factor was 181%. The average
non-coincident demand per customer was 5.6 kW the average coincident
demand per customer at the class peak of 3.1 kW. The maximum coincident
demand was highest in June; the maximum non-coincident demand was highest
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2 The samnle’s monthlv load factor ranged from 50% to 36% during 2003, with




5. Table 6.4 summarizes the class contribution to the system and day peaks
normalized to the gross generation level. To extrapolate the demand from the
sales level to the gross generation, the sample-based estimates for each class of
sales at the peak hour were added, and the sum was normalized to the actual
system or day peak for each month.

Schedule G’s contribution to the system peak, 5%, was lower than its
contribution to the day peak, 7%.

Its contribution to the system peak ranged from 45 MW in April to 88 MW in
July.

The contribution to the day peak ranged from 73 MW in February to 88 MW in
July. (In July, the day peak was also the system peak.)

6. As shown in Table 6.5, 61% of total Schedule G kWh consumption occurred
during the system on-peak period (7 AM to